Between March 1987 and March 1997, 20 modified Thompson quadricepsplasties were performed by one of the authors (SBH). The mean age of the patients was 37 years (18 to 64). There were 18 men and two women. In 17, the procedure followed a fracture of the femur. Of the remaining three, two had achondroplasia and stiffness resulting from femoral lengthening by the Ilizarov method, and one had suffered poliomyelitis. The mean interval between the initial operation and quadricepsplasty was 28 months (14 to 60). The mean flexion contracture was 7.0° (0 to 30) with active flexion to 50.0° (5 to 80). The mean range of movement was thus 43.0° (5 to 80). The mean follow-up was 35 months (24 to 52). The range of movement of the knee was measured at each visit by the surgeon who had performed the operation (SBH) using a goniometer with 30 cm movable arms and a scale marked in 1° increments. The stationary arm of the goniometer was placed parallel to the long axis of the femur along a line extending from the greater trochanter to the lateral condyle, and the movable arm was placed parallel to the long axis of the fibula, between the head of the fibula and the lateral malleolus.
A stiff knee is a complication of a fracture of the femur, particularly in the supracondylar area.
1,2 Despite improvement in techniques of internal fixation and early rehabilitation, adequate knee flexion may not be regained. This is especially so with associated gross soft-tissue injuries, multiple fractures, comminuted fractures and if rehabilitation is delayed. 1, 2 Several methods of quadricepsplasty have been described such as the Thompson and Judet techniques and their modifications. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Thompson 's quadricepsplasty may be complicated by skin necrosis and loss of full extension. 5 We have modified the technique and the postoperative management in an attempt to reduce this morbidity and improve the range of movement obtained.
Patients and Methods
Between March 1987 and March 1997, 20 modified Thompson quadricepsplasties were performed by one of the authors (SBH). The mean age of the patients was 37 years (18 to 64). There were 18 men and two women. In 17, the procedure followed a fracture of the femur. Of the remaining three, two had achondroplasia and stiffness resulting from femoral lengthening by the Ilizarov method, and one had suffered poliomyelitis. The mean interval between the initial operation and quadricepsplasty was 28 months (14 to 60). The mean flexion contracture was 7.0° (0 to 30) with active flexion to 50.0° (5 to 80). The mean range of movement was thus 43.0° (5 to 80). The mean follow-up was 35 months (24 to 52). The range of movement of the knee was measured at each visit by the surgeon who had performed the operation (SBH) using a goniometer with 30 cm movable arms and a scale marked in 1° increments. The stationary arm of the goniometer was placed parallel to the long axis of the femur along a line extending from the greater trochanter to the lateral condyle, and the movable arm was placed parallel to the long axis of the fibula, between the head of the fibula and the lateral malleolus.
The final results were assessed by Judet's criteria: 8 excellent, if flexion was greater than 100°; good, from 81° to 100°; fair, from 50° to 80°; and poor, if less than 50°. Operative technique. Medial and lateral parapatellar incisions were used for arthrolysis (Fig. 1a) . The knee was then flexed and if inadequate flexion was obtained, an anterolateral or lateral incision in the distal two-thirds of the thigh was performed to release adhesions around the quadriceps muscle (Fig. 1a) . The tensor fascia lata was divided transversely in the distal thigh. Vastus lateralis was isolated from rectus femoris and released close to its patellar insertion (Fig. 1b) . Vastus medialis was released from rectus femoris by stripping with a finger (Fig. 1b) . Rectus femoris was freed from vastus intermedius and from the anterior surface of the femur and upper pole of the patella (Fig. 2a) . In four cases in which a satisfactory range of flexion had not been achieved at this stage, Z-plasty of rectus femoris was performed to lengthen the tendon (Fig. 2b) . The procedures were carried out using a tourniquet, and the wound was closed over suction drainage. The tourniquet was released, and the appearance of the skin flap was checked, while the knee was immobilised in flexion with an elastic bandage in a figure-of-eight. The bandage did not cover the front of the knee to allow examination of the skin flap. Routine prophylactic antibiotics were administered. Two patients required postoperative manipulation under general anaesthesia. Postoperative treatment. The knee was immobilised in flexion (at an angle of 10° less than the maximum achieved) for three hours (Fig. 3) , then released and full extension allowed for three hours. At night, the knee was maintained in 45° of flexion for six hours for comfort. This pattern of periodic passive movement and quadriceps strengthening exercises was continued for four weeks. At first, all patients were checked hourly for neurovascular status and requirement for pain relief. The mean length of hospital stay was 30.1 days (24 to 37). Further flexion and quadriceps strengthening exercises were encouraged from four weeks to six months after the operation, and the patients were revised at two-weekly intervals. Three patients (cases 1, 10 and 14; Table I ) could not tolerate the exercise regime and continuous passive motion (CPM) was used.
Results Table I gives the results. After operation, the mean extension lag was 4.3° (0 to 20) with mean active flexion to 120.0° (85 to 150). The mean range of movement achieved at operation was 116.3° (80 to 140). At the final follow-up, the mean active flexion of the knee was 113.5° (75 to 150). There were five flexion contractures: two of 5°, one of 10°, and two of 20°. The final mean gain in range of movement was 67.6° (5 to 105). Between operation and the last follow-up, the mean loss of movement was 6.8° (-10 to 25). According to Judet's criteria, 8 there were 16 excellent (80%) (Fig. 4 Photograph showing the knee immobilised and flexed, with an elastic bandage applied in a figure-of-eight.
no skin necrosis. None of the patients had a deterioration in the range of extension after quadricepsplasty. An extension lag developed in two patients after operation (cases 11 and 20; Table I ), but resolved after six months.
Discussion
A stiff knee is a serious complication after fracture of the distal femur. 10 An extension contracture results from scarring of the extensor mechanism of the knee. The components limiting flexion of the knee have been described by Judet 8 and Nicoll, 11 including adhesions from the deep surface of the patella to the femoral condyles, fibrosis and shortening of the lateral expansions of the vasti and their adherence to the femoral condyles, fibrosis of vastus intermedius, and shortening of rectus femoris. The overall outcome was better than the results previously reported which ranged from 9.5% to 100%. 1, [4] [5] [6] 9 With the Thompson technique, vastus medialis, vastus lateralis and vastus intermedius are freed from rectus femoris through an anterior midline incision. 6, 12 Rectus femoris is then isolated from the rest of the quadriceps mechanism. Several complications have been described, including delayed wound healing, infection, and an extension lag. 5, 8 Moore et al 10 reviewed nine patients; one developed a deep infection and two had wound dehiscence. Nicoll 11 described 30 patients, including one who had skin necrosis. Flexion of the knee causes tension on the wound, and pressure from the patella and femoral condyles may cause ischaemia of the skin. 5 In an attempt to reduce problems of wound healing, the incision was made in the anterolateral or lateral aspect of the thigh. We required an incision which was extended more proximally than in the original technique. In our series, one patient with osteomyelitis from a previous operation had a wound infection after quadricepsplasty. There were no cases of necrosis. The disrupted quadriceps muscle results in a weakened extensor mechanism with an extension lag. The extension lag after quadricepsplasty varies from 8° to 52°. 1, [4] [5] [6] 9, 11 Moore et al 10 reviewed nine patients: six developed a mean lag of 10°. Nicoll 11 described 30 patients, seven of whom had a persistent lag of between 5° and 45°, and postoperative rehabilitation was abandoned. Bellemans et al 3 reported a lag in 25% of the cases. In our series, two patients had a lag of 10° and 20°, respectively, which disappeared six months after operation. The postoperative management after quadricepsplasty is very important if the flexion is to be maintained without loss of active extension. Vigorous passive exercises with an elastic bandage and strengthening exercises of the quadriceps must be performed intensively for four weeks after the operation, and continued less intensively for six months.
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